DOCOHEHT BBSOHE 



ED 112 747 

AOTHOE 
TITLE 

INSTITOTION 

POB DATE 
NOTE 

availabIe PROH 



JOOENAL CIT 

EDES PEICE 
DESCBIPTOES 



HE 006 731 

Clarkr Donald H. 

Acadenic Building Systems. A Technique to Maximize 
Control of Construction Costs. 

National Association of Coll. and Oniv. Business 
Officers^ Hashington^ D. C. . 
Apr 72 
5p. 

National Association of College and University 
Business Officers^ One Dupont Circle^ Washington^ 
D.C; 20036 

Studies in Management; v1 n4 Apr 1972 

MP-$0.76 Plas Postage. HC Not Available from EDES. 
Architectural Elements; ♦Building Design; 
♦Construction Costs; Construction Industry; Cost 
Effectiveness; Design Build Approach; ^Higher 
Education ; Master Plans ; ♦Pre fabrication ; *School 
Construction^ Structural Building Systems 
IDENTIFIEES ^Academic Building Systems ^ 

ABSTEACT ^ ' ^ ^ . 

Academic Building Systems (ABS) is an afchitectural 
planning and design .method vhich allows the construction owner to 
respond to the need for less expensive structures^ economically 
adaptable to the changing conditions of the academic worlds by 
providing the owner with the maximum controls over the variable cost 
factors in educational facility construction. In the ABS open s.ysteo^ 
more than one manufacturer can supply each of tie components of the 
building system. This is felt to offer the best potential for 
reducing construction^ maintenance^ and remodeling costs and for 
inproving the usefulness of academic facilities. The systems approach 
provides a high degree of coordination of the building components. It 
takes into consideration standard and repetitive features^ life costs 
of complex buildings^ adaptability of station utilization^ tradeoffs 
of higher first costs versus lower life costs^ and shorter 
construction time. The major innovation in the fixed elements is the 
space module^ which is a repetitive unit used throughout the 
structure and which reduces construction costs by making possible the 
use of standard units 6f heating^ ventilation^ and air conditioning 
to service each module. (LBH) 
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turn dr.nH^ni;^ <u\ doru- cinivxutn^l> 

i!ncni<H> a,ni^ arc ^pc^ilj(.d 
n J 7 ^f/Jt If) t hun'jt ini < mfs 

h) Ptr.fif: '/r- I arL'Lf hutidinL*'^ and JafLicf c•>nErav^-^ 
Knd it) r^diiLL llic Lomp^titiVLncv^ ut biddini: and u> 
IciiLrilu'n cnn\{ruclinn tmu", adding to the continL'^ncx 
ii\ a malLfialK iiKaa^cd percLiUagv for thv third 
and fourth \car^ 

(k* I ahnr pnHiuilt^it. On-^^Ic lah(>r produciiMl\. is 
r^iatUvlv lou ct»niparcd ^^ith tactt^r) j^ni)du».iion 

ii) I iu k ot npditiw fcuiioi^ H\cr\th^nLi is dilTcK'nt 
and th.rctt»rL. c^crvthinii is a pic»nctrmL' Vif^rt or 
<m c^pcns:\. proti'tvpc 

( nn f*ntf[f \Hcr the Lunipctjn\c biddinii, ih. conira^tors 
kn*'ulcdLV js ijscd priniariK lor his ov^n pr<»ht 

Ml ) I'uHtiiol hns m (IcU'^n 'I Ik ^ontra^tit^r Ticani has no 
' sa\ on tcalurcs o| huiIdiriL' durini! cicviiin Ihus their 
*^vpi.rMs(. Lannot niavimuni hcn^ht fo tfic owner 

I actors ot inllation over-all demand, labor union poli- 
cies and low on-site prodiietion are not controllable bv 
the ifidiMdual owner AduUniK HutUiini^ S^^unis, mdud- 
( 'Utunu t Manaucnjcnf is an attempt to lmvl the -owner 
the Hveessarv tools to respond to the need tor le^s expen- 



^r. f^lu^N u.'con*jmivarv adlif ta^k ti^ • trie ch.mging 
^d!(:iM>N rt a*:adar.ic» rM, b\ proMdmir the owner 
A "iM fne nvMPiuu) 'vOTiJf^^iN c^er 'h^ vafi.ihle v-»nI tiator** 

^'I Ih- Hi»-A>r\ of iciuleni^^ Huildina Systems 
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tKh>Te a' ^an-- t.riK' provide better 
Jh'- '>.i'(.:pJn TiKe a b'j •udvK and 



• .^.«- Bu: ii v^n. Miat 'h^ 'v*-i:i^l.iU>r^ oi tlu two,' 
SfatvN jLi' nil t:t.Tiipt(.d \n a K'-uit lhc> appan^'d 

u lo'iit piv':'v^t b\ 7h. I ni .\^\\\ ol ( ahjornia and Jndiana 
Ln}C',:^it>' Ifie 'jovil ^Cjs ti' <riow that tfie chanire Ironi. 
^onv'vntion.il plan ni Pi: vtnd design \o the ^vsteni .jppro.Kh'' 
yA\x^ the f^v^^t porennal fop redti^tni: eo1l'^lruct'u)n, niaintv- 
naiK^ and leniodclinii cv)sts. and impro\mL: the usclulne^s 
ot avadeniie ta*.iiitKs liii^ approach is based iu^ op^^u 
'\sti^ni I here arc tvio major t\pvS of buildmu systems 
open and elos(^5^ fn the eloped svstcip'one manutacturer 
^upphe^ all ot the eompimenls. m the \cadcniie Buildmi; 
Svstems ( -\BS) open system nior^' than one rnanufaeturer 
can suppi> each ot the components 

Flit idea Itir ^> stems building aehicved an ]mj5orlant break- 
throusih in 196^ Jn that \car. tfurleen C aiitornia school 
districts united in Schoi>i C (instruction Svsleni Dc\elop- 
mciit (S(SD) the lir^t kirge-scali.^ ctTort in the United 
States t(i svstemi7e constructnni for onc-storv buildings on 
a comp(nKnt basis 

/ 

The current C ahlornia-Indiana s(ud> bciian ii^ 1966 
ihrouuli the cooper<ilion ot Elmo \lt)rL!an, then U/nversit\ 
ot C ahtornia \ ice President tor Physical Planning and 
( onstruction, Harold dores and Jonathan King t?f Ediica- 
tioHiil facilities Laboratories, and mvscll SI, 200.000 in 



Donald H. (lark i\ A^si^tont \k( Vrcsnlcnt, 
frtasufft and Hksuk ^\ Mtinaiut at Indiitno 
f nf'tr^U^ l(>rtt}(rl\ SfdK lliid-'t t l)if((lor. 
/;/ /\ (hH(tit}\ CSiUfmhn '»/ liu \1uh\tst<tn 
/i(hisii)\ ( <tmt)iitti c nn Ihi^lur Lihuatum to 
thf ( otitKii (if Stalf ( >A\ 1 1 tutu nts 'i nu tnhct 
nf thf "fnilinna 'ytotf \irf( /u (lirr*/( J its 

portifjfi '>i th< AHS StmL (l(\(nh(il (t/xnt » 
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fundmii for thii ruscarch project came frum thu follovMng 
sources, the United States Office of Education. $600,000; 
the Slates of California and Indiana. 5200,000 each for a 
total of S400,()0i). and Educational Facihties Laboratories. 
<,2<M)'i)Q<) The principal research consulrant was Building 
S\xtem^i Development, a San Francisco arthitedural firm 
whvjse principals also headed the Cajifornia School Con- 
struction Sv-^teiP Development . 

Ac^enuc Burldmg Sv^tems is an architectural planning 
and design method directed touard attaining an adaptable 
buildin^' through '^a high degree of coordination of the 
components that make up a building, plus concepts and 
procedures that have Ncen tested in other situanons"' 
It has been described as ' excellent optimization" bv the 
-\SMstiint Director of Research at Facilities l^ngmeenng 
ind Ct>i7struction Agencv (FECA). 

The Facts of Lite Cosf^ 

A ipajor tactor too oTi-.n merlooked. is the life co^t of a 
NtrucUirc In a comprehensive stucK of science buildings, 
the rehabilitation a>st 'of older structures often exceeds 
twice the origin:d cost \'o dollar -ev aluation has been set 
tor the disruption costs of space surrounding the area 
being remodeled ' The adaptabilitv of Ih^ ABS, buildings 
will matenallv reduce the time necessarv' to complete the 
ehan'ge and the savings from minimized disruption in^'adja- 
cent space also will be of great value. ' ^ 

Two of the. major objectives of the Academic Building 
Sv stems Stud) are to ryduce costs and to provide better 
auademic facilities. The'ABS results offer potentials which 
give the owner maximum ability to manage the controllable 
high coxi area's for both first and life costs At the same 
time. It builds jn adaptabilitv to provide the desircid belter 
academic environment for the future. 

; Design: Standard and Repetitive Features 

The building svstem consists vi eonvcntion*^! components 
vvhiLh Lan reduce design time, can be mass p/oduced tu 
^ ruduee construution time and costs, and can have specified 
perfdrrtiance standards ' related to the real needs of the 
user From these^ components, a wjde variety of buildings' 
— in size. «cliape and appearance — can created to Answer 
speeific requirements. 

' The^ building svstem approach has evolved mor-e rccentjy . 
intu the e^nccptuali^ation uf the total building process as 
a svstem. Thus, other phases of the' construction process 
j^iueh ABS is skid>mg inelude new methods of program- 
ming the needs of users m relation to budgeting constraints 
and w«iys of reducing the total time of devckipfing a 

BulJiljng^'Svvtoms Oevelupmcnr. [ne . /'iOMhiltn Sti(J\ Report 
~-A<u(Uhni< ftathlini* Swtenn M.i> 1967 pjigc 7 . 
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buildini!. from miuatiun of. planning to completion of 
construction 

Complex Building: Life Costs 

As the studv uf constnuetion continued, it became apparent 
that a major question Loncerning buildup designs that had 
disturbed administrators in the past demanded greater 
attention in the future This question involves the fact that 
heating, ventilating, air conditioning, and electrical systems 
in buildings have become more and more complicated and 
are taking an inLreasinglv higher percentage of the total 
. construction budget These problems become even greijter 
in size v\hen one couples the onginal high cost with the 
knowledge that during the structures lifetime these sub- 
*^v stems will ha\e to be replaced, som.* parts several times 
at the future inflated cost levels This emphatically sug- 
gests the mcrcasmg importance of using a structural design 
that facilitates access to the expensive utilities and ma- 
chiperv. thus reducing future remodeling and repair costs 
It became obvious earl\ in ,the srudv that the old puzzles 
created by pipes and conduits buried in partitions, floors, 
or CLilings could not be continued because of inflexibility 
as well as prohibitively high costs of repair or replacement. 

Adaptability:' Station Ctiiization 

The need (or a different system thus was dictated by in- 
creasing costs — both for construction and for> land — and 
by the fact that no system existed which would meet edu- 
cational needs with the economics of the runaway inflation 
in the con^nruction field There also is th<? iirgent need to 
build adaptability into the structures In the past, remodel- 
ing costs often have far exceeded the. building's original 
^'ost. ; , 

We also find that not nei/rly enough has been done to meet 
tf]c challenge of the relatively poor station utilization 
causefl. ut least partially, by fixed structures. For example, 
if a laboratory is in use^ five hours a day, this means a 
room utilization of 5 hours 5 days, or 25 hours out of . 
40 hours per week (61.5 pcFcent room utilization). If 
Xh^ room h^s 30 student stations and has an average of 
20 occupied, this is, a 66 perecnf stat'ion utilization when 
the room Ts in use. The aetual station utilization then 
becomes 66 percent ' 62.5 percent or 41 .25 percent. 

In the past the size of t'he laboratory has been inflexible. 
If it were designed for 30 students, it was prolTibitively 
i:xpcnsive to enlarge it to accommodaU 40 students, or , 
reduce it iq, accommodate only 20. Th^is inflexibility pre- 
introjiuction of new and bettec teaching tech- 
niques foj differcfit sized classes and. in effect, placed a 
limit oh faculty ingenuity and efficiency. The buildiftg 
could nol bo easily revised to accommod:ate a multi-purpose 
laboratory, or changed' to individifal study laboratories 
in order to meet any other future needs. ABS adaptabilit> 
makes it possible to meet changing conditions efficiently. 



Therefore, new n^cds tan be mut and potcnlui[l> gr^-atcr 
Mdtion iliiliZdtion can be realized) ceonomicalK 

For existing buildings, ihe co^i lo both msmutions and 
'granting agencies fur eonverting Iaboraior\ facihties to 
accommodate research projects has been astronomical. In 
some instances a smgle mobile faeultv member has used 
two or three grants to complete his laboratory designed to 
meet his rt^eareh requirements at each of the tuo or ihree 
institutions TO \\hieh hejias moved withjn a ten-\ear span 
In turn, the iaborator> from which hi has moved has again 
been remodeled- for "his successor. Investigatiorr reveals^ 
that these rather fninoT remOdebng projects ha\e cost from 
SIOO/JOO to.S25U:000 or more ^ The\ are minor' in -.(he 
amount ot^ space \jquirc^d'. but maior vn terms**^of dollars . 
In addition to dv^aVmg the seiemific results, the taeu!t\ 
member's \imy has oceasionallv been, lost for a longer 
period of lime than cither he the institution, or the, grant- 
ing agency desire through the sjou remodehng process; 

If a laboratory oj: classroom building can -be plabned to* 
ehm'iTiate much of the lov^, of ln^^f^7elenr stat?9n utilizatioji 
as well as the need tor excessive rembdcfing. the potemiiil 
future savings can be great In.^dditiprL nyijor immediate 
Savings are visible. For instanee. bv buildmg m scmcster- 
to-semester adaptibilitv. it is estimated that the academy- 
program can be met with 20 percent fcvcer lab stations 
In the Science Eijgmeenng Teqhnoiog) Building in Indi- 
anapolis (Indiana-Purdue Universities). lOperCQnt of.ttie 
total cost of the origin all v proposed structure wi!] be saved 
through space reduction agrcc^ to- by the faciiltv. who 
recognized that '/adaptability will meet- their needs Ujih. 
less space' ' / , * 



T^> assure the best academic environment, ^a'major research 
project within the ABS program vvas rcccntlv conducted 
h\ Building Systems Development. Inc. This involved an 
evaluation of present facilities by the faculties of the Uni- 
vci'siiv-f^f California and the four state-supported universi- 
ties in Indiana (Ball State, Indiana State. Purdue and 
Induina), coupled with cost analysis^of thVee major build- 
ings in California and three in Indiana. 

Trade-Offs: Higher First Costs vs. Lower Life Costs 

User criticisms revealed that at times an apparent economy 
is actyjllj ver> wasteful (e g., the use of less expensive 
partitions where their sound control was so inefTecthve as 
to interfere^ with proper room use). The technique of the 
building system design should assist in alLviating this t>pe 
of problem since it permits the owner and the architect to 
make the l^cst gpst decisions for the lifetime of the' building. 

Shorter Time for the Project 

One of the major wa>s that savings can result from the, 
use of Academit Building S>st«.ms is bv ULLclcrated plan- 
ning Itf Is no longer aeeessar) tu have eompletcd aeademie 



programs and compLt^d ^rehitectural plaris beforcbidding 
and consiruetion begins The flexibility of the^ 5ti:ucture 
permits changes late 'in the Qonstructipn period, witli pre- 
dieiable tost ^ In addition, the following: diagram sHqv^s 
how .ABS work** wiih phase design and construction to 
save time 
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I,o>ver Life Cost 

■ I.tnver life cpst permits pl^inning. architectural dr^^wings, 
ai]d thL tietual construction work all to proceed simuliarie- 
• ousK Adaptabilitv before the structure is erected Is just 
-a* valuable and dollar-saving as it is during ^hc.life of the 
epnipleted structure FlcAibilitv is especially valuable for 
'structures on developing campuses. That the canipus4ias. 
changing needs through the next five or ten years is obvi« 
'ous to -ail. These needs are almost as strong on -more 
L-s^abiished campuses, but much less obvious. 

In the next ten >ear^ there will not the same require,- 
ments for language classrooms, for laboratories, etc. 3.e- 
cause of research, the needs of the future will be much 
different from the <^"eds -of thcpast. The language labora- 
tory of today is markedly different, from the Fr(*nch or 
'Latin classroom of forty years ago. Surely, even greater 
future changes will occur. A structure .that will -facjlitate 
these future changes will provide its owner vvlth the maxi- 
mum future advantage, as opposed to the liabilities of most 
of today "^.construction methods which resist change by 
making it expensive in both cost and time 

The importance of adaptable elements fn ABS cannot be^ 
overestimated. The future savings resulting from the abjhty 
to adapt to the existing demands inexpensively will prolong 
' «^hQ structure's effective life and will tend to insure maxi- 
mum utility for the future. The adaptable ejements include: 

1. Utility distribution laterals and drops to ropms. . 

2. Heating, ventilating, air conditioning (HV'AC) zone 
duct work and controls 

3. Ceiling panels, lighting, and HVAC diffusers. 

4. Partitions.' 

5. Casework 

It should be emphasized that the. cost of altering an aca- 
dem/L building over its assumed forty to fifty year life 
may be as much as double the contract cost of the original 
construction. F urthcrmore. the lack of funds usually die- 
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tales a much longer usjigc , Each remodeling project dis- 
rupts the operation of the faciht\ to \ai:\ing degrees In 
addition, the more difficult and expense e it is to alter the 
existing structure, the less probable it is that needed altera- 
tion uill take place, thus, forcing staff to work under 
increasinglN inefficient condition^. The use of deep serMCc 
space m ABS eliminates disruption costs and lost time in 
salaries equivalent to fifteen to thirty percent of the modi- 
fication costs Perhaps the greatest potential savings under 
ABS is in the low alteration costs (with little or no neigh- 
boring space disruption costs) where, b\ the concept of 
adaptable building elements. ► alterations can be effected 
with minimum time and user skill - 

Permanent elements ot the ABS structure are space 
module ( M),0()() sq ft - 20^^ ) . structure, \ertical utiiit> 
distnbxition, H\AC main ducr work, service tower^, hori- 
zontal utilit\ distribution mams, \crtical occupant circula- 
tion, and exterior walK The changing of thc^e elwmcniv 
Is cxtremel) expensi\e so that their positions are fixed 

Repetitive Feature 

The major innovation m the tixed elements js the space 
module, which is a rcpetiti\e unit used thruugbuut the 
structure It should Jssist m reducing construction L<.^^ts b\ 
making possible iho use of standard olT-the-shcIf units of 
heating, ventilation, and air conditioning (H\ AC) to serv- 
ice each module, thus eliminating the costly ^.tistom- 
designed H\'AC unit used in the large traditional buildings 
It also facilitates having as much work as possible per- 
formed at the most economical level — in the factorv — as 
contrasted to the more costiv on-the-site work 

Aj\ additional value from ABS for administrators, archi- 
tects, and engineers is the detail of costs bv subsystems 
This provides a major refinement over the sole use of cost 
per square foot, or cubic foot which has. all too often, be^n 
the only criteria used b\ owners 

The gross square feet subsystem costs were analyzed tor 
these areas: 



Structure 

-bleating, ventilating, air 

conditioning 
Partitions 

Lighting ceiling * . 
Site work, bclpw grade , 
and bascnicnt 



Plumbing 
Electrical 
Exterior skin 
Elevators 
Other . , 
General contractor 



There were several systems of high cost where the user 
requirements were not met. or where the user requirements 
were changed subsequent to the construction This infor- 



f'araphravcd .mil or qiioteJ from AaKhnm Huiliim'^ Swicnw 
PcMk'n Uu/maf by BSD pdgc )X 



mation is r^poHwd in detail in \ olume 2 of the ABS publi- 
cation. "Cost Performance Studv/' 

The greatest \alue of this cost anahsis is that the owner 
can stress performance* in ihrc most critical area and, if 
necess.trv, control costs m other less cniical areas. Another 
ad\antage aevruing to owners and architects is the users 
^rating of the products which have been used in past con- 
struction This technique of computing costs bv subsystems 
gi\es the owners and architects better cost control during 
the arehitcet's design time If lower costs are necessary, 
the changes can be made with full knowledge of the costs 
by subsystems 

HEW Data Available 

The Department ot Health, Educilion and Welfare has 
committed Itself 10 the systematic obvervancc ot cost, time, 
and quaht) in the desicri and construction of facilities, as 
toilow^ To ensure that, despite the current escalation of 
construction costs, qOality levels will be maintained or 
inipro\ed at no sacrifice in the lifetime costs of the facility. 
!o reduce design and construction time so that the facilitv 
is available for use at an earlier date, and to permit ease 
ol physical modification as the functional and operational 
requirements change Toward that commitment, these 
circulars ar*. HEW position papers ofle/ing creati\e solu- 
tions in the arcc^; of interpreting user requirements, plah- 
ning. programming, design, construction, and use of 
facilities 

Ihe Building Information Circular series covers the fol- 
lowing subjects. 

L Comprehcnsne planning 

2 \'alue analysis 

3 * Systems building 

(iii Aca(femic Building System (ABS) — Higher 
Education 

(b) Systems Building in Element^iry Secondary 
Schools — SSP Experience 

4, Construction Maniy»ement Phased Design and Con- 
struction 

The use of the findings of the ABS Study incorporating 
"Construction Management Phased Design and Construc- 
tion" offers the university or college an opport^umty for a 
better academic environment over a lon'ger period of time 
with lower^t and life costs and with a considerable sav- 



mgs of tiniMfor the project. 



Fhib study IS .tvaifnhle from either University of C jUforni,!, . 
Oflicc of Vice President Planning. 64) tjniversity Hall Berkeley. 
C alif(jrnM 94720 or Indi.m.i Universilv, Assistant Vi^e President- 
Tre.isurer's OfTiee, 2lf1 Brvan Hall Bloominpton. Indiana 47401 
The first ^.opy of the three volume puhlicaiion is free to a iiniver- 
^mK or government.il agcncv F a^h additional copy to «i university 
and e<Kh copv to an arehitectural firm is S20 
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